grant dollars and publications. "The problem, " explains an assistant professor of biology from Drury University, "is that the current granting system rewards proposals that support using graduate student labor, rather than a technician, on work that may not be educational and should fall under the responsibility of a technician. The use of cheap subsidized labor continues because technicians and lab managers are more expensive and less likely to be funded by federal agencies. " Under these constraints from granting agencies and tenure or promotion committees, faculty cannot single-handedly improve the conditions of their trainees.
Trainees should not be treated as disposable, cheap labor. They should be valued, not only for their labor but also for their intellectual contributions; they should be given ownership of (and proper attribution for) their intellectual work, administrative and institutional support to do their work effectively and wages and benefits comparable to those of institutional employees. Yet the incentive structure in the current academic system remains misaligned with these values.
Changes to the current academic system will require significant cultural and operational changes on the part of policymakers, funding agencies, universities, departments, administrators and faculty. Such change will be slow, awkward and fraught with political and logistical obstacles. For example, Johns Hopkins University's draft plans to begin reforming parts of its graduate education system-by reducing the number of graduate students admitted, paying incoming (but not current) students more, hiring more teaching assistants and replacing retiring senior faculty with junior faculty-have been met with both praise and criticism [13] [14] [15] . Regardless of difficulty, however, now is the time to make changes. It is time to shift the focus away from tokens of prestige and focus unsatisfied with their education and training experience 7, 8 . Also, with 12 times more PhDs produced each year than the number of new faculty positions available, it should also be no surprise that many trainees simply lose hope that they will ever obtain a tenure-track faculty position 9 . In fact, from the beginning of graduate school to graduation, the percentage of graduate students that find faculty positions as an attractive career option declines by as much as 29% (from 45% to 32%) 10 .
In many cases, it is difficult, if not impossible, for trainees to do anything in response to the mistreatment they experience. Ralph Haygood, an independent scientist and entrepreneur, recalls an experience as a graduate student and teaching assistant at the University of California (UC), Davis. He and other teaching assistants went on strike in an effort to have the university recognize a teaching assistants' union. "The absurd lengths to which administrators went to belittle and dismiss us, asserting we were mere 'apprentices' rather than employees-as if apprentices, in occupations that have them, weren't unionized-was nauseating, " says Haygood. "Our experience is echoed in what one New York University dean wrote with uncharacteristic frankness: 'We need people we can abuse, exploit, and then turn loose'" 11 . Haygood's experience is unusual in that the trainees at UC Davis spoke up about their concerns. In many universities, the culture is such that trainees often do not dare to speak up for fear that doing so would harm their career prospects 12 . This fear-induced silence makes it possible for abuse and exploitation to continue unheard, unseen and unacknowledged by faculty and administrators.
Although faculty are sometimes the proximate cause of trainee exploitation, they are under severe pressures themselves: the yardstick for tenure and promotion is defined by T he academic system is built on a scheme in which the largest sector of the research workforce-graduate students and postdoctoral fellows-is frequently undervalued and misused. Under the current system, many graduate students and postdoctoral fellows are treated as cheap and easily replaceable labor, and the enterprise of academic research as a whole emphasizes fancy equipment, infrastructure, top-tier publications and the pursuit of research funding. Education of trainees is relegated to an afterthought-a side effect of pursuing these tokens of prestige. Because the current system has allowed trainees to be the cheapest form of research labor, many are given inappropriate tasks instead of having the maximum opportunity to learn how to develop hypotheses, devise innovative experimental approaches, develop keen critical and analytical thinking skills and fully build their professional credentials. The culture and the power system that have created this scheme leave many graduate students and postdoctoral fellows feeling worthless, disposable and creatively and intellectually invisible [1] [2] [3] . This causes psychological and intellectual harm to our trainees and also prevents them from developing their full potential of becoming independent scientists.
Depression is common among graduate students and postdoctoral fellows 4, 5 . In fact, it has been claimed that "mental health issues are the biggest barriers to success among graduate students" 6 . It should then be no surprise that 30-40% of trainees are indifferent to or careers and recruiTMenT npg change. Research grants should be kept separate from training grants and fellowships as sources of trainee support, and they should be evaluated accordingly.
The time to make recommendations has passed. It is now time to execute solutions systematically and globally so that we can make real positive changes to the conditions trainees experience. For the good of all trainees, we challenge all academic institutions (starting with tenure and promotion committees) and grant-making agencies to truly implement positive change. might have been very different had more information about job prospects been available to them early on. Departments should also expand internship programs to provide experience in nonacademic scientific research, and facilitate matches between students and mentors in both academic and nonacademic settings. "
For postdoctoral fellows, the National Postdoctoral Association (NPA) promotes opportunities for career development, advocates for equitable salary and benefits and engages with funding agencies to encourage the development and monitoring of appropriate mentoring 16, 17 . The NPA has put forth several specific recommendations (http://www.nationalpostdoc.org/policy-22/institutional-policies/ agenda-for-change) to improve the work conditions and career prospects of postdocs, including establishing an office that actively engages postdocs; creating administrative policies (giving postdocs access to university resources such as libraries, fitness centers and so on), training curricula and benefits policies (establishing minimum salaries, health benefits and retirement programs); establishing standards of treatment and training for postdoctoral scholars on research grants; increasing postdoctoral support on training grants and fellowships and reducing the number of fellows supported on research grants; and shortening the postdoctoral training period by increasing the number of pathway-to-independence grants such as the NIH K99/R00 grants 18 .
Conclusions
Will these activities provide the fuel to bring measureable, positive change to PhD education and training? They are a step in the right direction, but their global implementation and, thus, their potential positive outcomes, remain to be seen. Incentives to implement change are egregiously absent: as long as grants and published papers are the only benchmarks by which tenure and promotion are awarded, trainees will continue to suffer. Haygood suggests that the only way to correct the current state of graduate training is "to make graduate student and postdoc outcomes mandatory and substantial factors in tenure and promotion decisions. " The assistant professor from Drury University adds that changing the criteria by which federal grants are evaluated and funded in ways that discourage the use of graduate students and postdoctoral fellows as cheap technicians would provide a strong incentive for positive on trainees' intellectual and career development and psychological well-being.
Through the PhD Completion Project, the Council of Graduate Schools has created a set of recommended practices to improve student outcomes and reduce attrition (http://www. phdcompletion.org/promising/index.asp). These include improving financial support (for example, increasing stipends, especially summer funding; guaranteeing multiyear support; providing special support for students writing dissertations, including more flexibility in teaching and research assistantships) and providing career development opportunities. The council also cites mentoring as one of the most influential factors in degree completion, noting that access to good mentors is unequal among graduate students. Mentors are needed to provide guidance on dissertation research and career direction. The council also recommends that more collective responsibility in departments for the success of their students, increased clarity and transparency about expectations and enhanced conflict-management processes between advisors and students. The council emphasizes the importance of creating spaces for informal social interaction and integration (such as graduate student lounges), departmental events and gatherings to enhance socialization to the academic discipline. Finally, the council recommends better record-keeping of outcomes, including rates of attrition.
The US National Institutes of Health (NIH) also aims to address PhD education and training through the Strengthening the Biomedical Research Workforce program (http://commonfund.nih.gov/workforce/index), and the National Science Foundation recently sought input from graduate students themselves about how to improve graduate education through the 2013 Innovation in Graduate Education Challenge (http://www.nsf.gov/ news/special_reports/gradchallenge/). Many of the suggestions focused on enhancing career opportunities for graduates. Agreeing with this is a female scientist at Syngenta, a plant biotechnology company, who decided to finish graduate school with a Master's degree rather than pursue a PhD. She believes that Master's and PhD programs should require courses on the outlook for careers in science (academic, nonprofit and private) and trends in funding. Students are often unaware of the realities of the job market until very late in their training, and this needs to change because, as the Syngenta scientist says, "many PhDs' career decisions C A R E E R S A N D R E C R U I T M E N T npg
